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Biotic elicitorsAbstract Ginger (Zingiber ofﬁcinale Roscoe) is one of the most widely used herbs that contains
several interesting bioactive constituents and possesses health promoting properties. [6]-Gingerol,
a major pungent ingredient of ginger also has great potent antioxidant activity. Callus cultures
of ginger were induced from shoot tip segments of auxiliary buds taken from in vitro growing rhi-
zomes. Of different auxins tested in MS medium contents, 2,4-D was the most effective in inducing
and maintaining callus cultures. BA was most effective in maintaining callus culture compared to
kinetin (Kin). Also, the effect of some factors as precursors and biotic elicitors on callus growth
and production of active substances were investigated. Mevalonic acid (MVA) at concentration
of 1, 5 and 10 mg/l, Phenylalanine (Phe), Leucine (Leu) and Valine (Val) at 50, 100 and 150 mg/l,
yeast extract (YE) and Aspergillus niger (AS) at 250, 500 and 750 mg/l showed negative effect on
both callus fresh weight (FW) and callus dry weight (DW) compared to control. In the present
study, it was observed that 6-gingerol production is positively inﬂuenced by the addition of
MVA followed by YE in callus culture. While, the other levels of precursors and biotic elicitors
did not succeed in producing either of 8-gingerol, 10-gingerol or 6-shogaol.
ª 2014 Production and hosting by Elsevier B.V. on behalf of Faculty of Agriculture, Ain Shams
University. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).Introduction
Zingiber ofﬁcinale Rosc. (Ginger) is a slender, perennial rhi-
zomatous herb (Kathi, 1999). Ginger has been used for cen-
turies for the treatment of a variety of human ailmentsincluding the common cold, fevers, rheumatic disorders, gas-
trointestinal complications, motion sickness, diabetes, cancer,
etc (Kundu et al., 2009). Many of these medicinal activities,
including anticancer and anti-inﬂammatory activities are
believed to be due to the presence of active phenolic com-
pounds such as the gingerols and shogaols (Habib et al.,
2008). The gingerols and shogaols (the main pungent princi-
ples) were identiﬁed as the major active components and their
homologues consist of a series of aldols, each with a phenolic
group. [6]gingerol [5-hydroxy-1-(4-hydroxy-3-methoxy phenyl)
2 M.A. El-Nabarawy et al.decan-3-one is the most abundant constituent in the gingerol
series (Zarate and Yeoman, 1996). Ginger normally propa-
gates by its rhizome, with a low proliferation rate (about 10–
15 buds from one plant each year), easily infected by soil-born
pathogens such as bacterial wilt (Pseudomonas solanacearum),
soft rot (Pythium aphanidermatum), and nematodes (Meloido-
gyne spp.), which cause heavy losses in yield. On the basis of
the knowledge of the biosynthetic pathways, several organic
compounds have been added to the culture medium in order
to enhance the synthesis of secondary metabolites. The exoge-
nous supply of a biosynthetic precursor to culture medium
may increase the yield of the desired product (Namdeo et al.,
2002). For example, mevalonic acid (MVA) is transformed
into ﬁve-carbon-containing C5 isoprene units, which in the
form of isopentenyl diphosphate (IPP) and dimethylallyl
diphosphate (DMAPP) combine to form a large number of
terpenoid and steroid structures (Tolonen, 2003). Baldi and
Dixit (2008) found that, artemisinin content in cell cultures
of Artemisia annua cultures was maximally increased by 2.0
times when MVA (50 mg/l) was added as precursor when com-
pared with control. Furthermore, Chitturi et al. (2010) showed
that, MVA 25, 50 and 100 mg/l supplementation to the suspen-
sion cultures of Withania somnifera, increased Withaferin A
content to 7, 14 and 5 folds respectively compared with the
control cultures. Also, Phenylalanine (Phe), an aromatic
amino acid, is the substrate of phenylalanine ammonia-lyase
(PAL) that catalyses the reductive de-amination of L-phe into
trans-cinnamic acid as the ﬁrst step of the biosynthesis of
plant phenolic compounds (Kubota et al., 2001). Bemani
et al. (2012) found that, Phe up to 3 mM had no signiﬁcant
effect on the growth of hazel cells and at 6 mM adversely
affected the dry weight. While the amounts of taxol and anti-
oxidant activity of suspension cultured hazel cells were
increased by increasing the Phe supply. Furthermore, Riedel
et al. (2012) used to enhance the synthesis of phenolics in sus-
pension cultures of Vitis vinifera Phe (0.1 mM) as precursor.
They found no signiﬁcantly increased biomass and phenolic
acid contents.
Valine (Val) and Leucine (Leu) are often referred to as one
of the amino acids with hydrocarbon side chains, or as a
branched chain amino acid. Val and Leu an essential amino
acid, are hydrophobic, and as expected, are usually found in
the interior of proteins. Leu that involved in the formation
of 3-hydroxy-3-methylglutaryl-CoA is considered as the early
precursor for the biosynthesis of terpenes (Anderson et al.,
1998; Overton, 1985). Addition of Leu, led to enhancement
of volatile monoterpenes in cultures of Perilla frutiscens,
whereas addition of geraniol to rose cell cultures led to accu-
mulation of nerol and citronellol (Mulder-Krieger et al.,
1988). Zia et al. (2007) in the callus of Artemisia absinthium
it was found that, 3.1 lg/g artemisinin was present in the callus
cultured on MS medium to which Val (12.5 mg/l) was added in
comparison with control.
Plants and/or plant cells in vitro, showed physiological and
morphological responses to microbial, physical or chemical
factors which are known as ‘elicitors’. Elicitation is a process
of inducing or enhancing synthesis of secondary metabolites
by the plants to ensure their survival, persistence and com-
petitiveness (Namdeo et al., 2002). In plant tissue culture,
accumulation of secondary metabolites can be enhanced by
the treatment of various kinds of elicitors, which can be biotic
and abiotic (Ekiert, 2001). Although, all elicitors can producean osmotic pressure and acts as stress factors which causes
rapid but transmitted activation of key enzymes in biosynthetic
pathway (Gagnon and Ibrahim, 1997). Yeast extract (YE) is
composed of variety of compounds, apart from amino acids,
vitamins and minerals (Ertola and Hours, 1998), and it is also
possible that elicitation effects might be due to the contents of
cations such as Zn, Ca and Co in the YE. The effect of YE is
also due to its role in increasing in phenylalanine ammonia
lyase activity which is a key enzyme of phenylpropanoid
pathway that catalyses L-phenylalanine deamination and
Trans cynamic acid production which links primary metabo-
lism to the secondary one, and formation of vast secondary
metabolites with phenylpropanoid skeleton (Seidel et al.,
2002).
Fungal extract as an effective elicitor enhanced the produc-
tion of secondary metabolite without being toxic for the cells
(Kim and Yoo, 1996). Xu et al. (2005) found that, fungal eli-
citor prepared from the cell walls of Aspergillus niger induces
multiple responses of Hypericum perforatum cells, including
nitric oxide (NO) generation, jasmonic acid (JA) biosynthesis,
and hypericin production. Taha et al. (2009) investigated the
effect of A. niger as biotic stress at the concentrations 0%,
0.05%, 0.15% and 0.25% on Catharanthus roseus calli growth
parameters , achievement and production of vinblastine and
vincristine, also, they found that supplementation with
0.25% of A. niger resulted the highest value of total alkaloids
, vinblastine and vincristine production. The best results of cal-
li growth parameters were observed with 0.15% of A. niger.
Since the whole plant and the callus undifferentiated cells
share the same genetical background, the active ingredients
naturally found in an organ can be also induced in the undif-
ferentiated callus. In this study, callus cultures were initiated
and different factors were investigated to activate and enhance
the expression of the endogenous genes coding for some
enzymes that might play a role in the synthetic pathways of
these active ingredients in an attempt to produce this valuable
ingredient from callus cultures.
Materials and methods
This investigation was carried out in the plant physiology lab.,
Department of Botany, Faculty of Agriculture, Al-Azhar
University, Cairo, Egypt. The present study was planned to
found out the most suitable treatments for Z. ofﬁcinal (R.)
callus formation, growth and production of secondary product
by using the tissue culture technique.
Explants preparation
Rhizomes were incubated in a growth chamber under
25 ± 2 C in the dark for the growth of buds to obtain that,
shoot tips from the sprouting buds. In addition, rhizomes that
contain sprouting buds were cultured in vivo to obtain small
rhizomes and leaves. Active buds, leaves and small rhizomes
were washed with tap water for 10 min and were transferred
to laminar air ﬂow cabinet, in the laminar chamber. All
explants divided to 0.5–1.0 cm length. Then dipped in 70%
alcohol for 60 s followed by another treatment in 0.1% (HgCl2
W/V) for 5 min then in 5% (sodium hypochlorite V/V) for
another 10 min. Finally, the explants were washed 3–4 times
thoroughly with sterile distilled water.
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The sterile explants were planted in jars containing 25 ml of
Murashige and Skoog (1962) basal medium (MS) supplement-
ed with 30 g/l. sucrose and 1.5 g/l phytogel. The pH value was
adjusted to 5.8 by adding a suitable amount of 1 N HCl or 1 N
NaOH using the pH meter prior to autoclaving 1.3 kg/cm for
20 min, and explants and callus were incubated in a growth
chamber under 25 ± 2 C in the dark for 8 weeks with all
experiments.
Experiment 1
This experiment was carried out to evaluate the effective
explant types on callus induction and different explants types
were employed to obtain a callus tissue such as shoot tip, leave
and rhizome segments of Z. ofﬁcinale R. (ginger). Also this
part of our study focus on the inﬂuence of plant growth regula-
tors hormones (PGRs) on callogenesis either using one auxin
alone as Naphthalene acetic acid (NAA) and 2,4dichlorophe-
noxy acetic acid (2,4-D) or in combination with cytokinin as
6 benzyl amino purine (BA). Uniform explants (0.5 cm) rhi-
zomes, leaves and shoot tips were cultured on MS medium
and fed with different levels of BA with 2,4-D or with NAA
at 0.0, 0.1, 0.5 and 1.0 mg/l concentrations.
Experiment 2
This experiment was carried out to evaluate the effect of PGRs
on callus growth and active ingredient content either using
auxin alone as 2,4-D or the auxin combined with cytokinin
as BA or kinetin (kin). Callus which derived from shoot tip
explant in experiment (1) was used as explant materials in this
experiment. Segment of callus about (0.125–0.150 g) was cul-
tured on MS medium supplemented with different combina-
tion levels of auxin and cytokinins as follow: (2,4-D, 0.0, 0.1,
0.5 and 1.0 mg/l) with (BA, 0.0, 0.1, 0.5 and 1.0 mg/l) or with
(Kin, 0.1, 0.2, 0.5 and 1.0 mg/l).
Experiment 3
This experiment was carried out to evaluate the effect of
some (precursors and biotic elicitors) on callus growth and
active ingredient content. Callus which derived from best
medium of growth from experiment (2) was used as explant
materials in this experiments, segments of callus about
(0.125–0.150 g) were cultured on MS supplemented with
1.0 mg/l of 2,4-D + 1.0 mg/l of BA and treated as follow:
Mevalonic acid (MVA) 1, 5 and 10 mg/l, Phenylalanine
(Phe), Leucine (Leu), Valine (Val) at 50, 100 and 150 mg/l
while 250, 500 and 750 mg/l for Aspergillus niger (AS) and
Yeast extract (YE).
Preparations of Aspergillus niger (AS)
The fungi AS was obtained from Plant Pathology Lab.,
Department of Agriculture Botany, Faculty of Agriculture,
Al-Azhar University, Cairo, and prepared according to Taha
et al. (2009).Measurements and chemical analysis
Callus fresh weight: as determined by weighing callus immedi-
ately. Dry weight of callus, was determined by weighing
samples dried in an oven at 60 C until the weight became
constant, according to Balbaa et al. (1974). The percent of
6-Gingerol, 8-Gingerol, 10-Gingerol and 6-shogaol were
calculated by HPLC Analysis of Gingerols according to He
et al. (1998) and Gorecki et al. (1997).
The statistical analysis
The results were statistically analyzed using F-value test, and
the means were compared by the L.S.D at the level of 5%
probability according to Snedecor and Cochran (1980).
(COSTAT, v.4) was the computer program that used to
calculate the obtained results.
Results and discussion
Inﬂuence of explant types and plant growth regulators on callus
formation of Z. ofﬁcinale
After 30 days of culture, callus formation was observed directly
on the cut surface. Shoot tip explants only produced callus on
MS medium supplemented with 2,4-D (0.5 and 1.0 mg/l) +
BA (0.0, 0.1, 0.5 and 1.0 mg/l). Among the different explants,
callus was only observed from shoot tip explants with the
highest signiﬁcant value of callus weight of 3.4 g/explant on
MS medium supplemented with 0.5 mg/l BA and 1.0 mg/l
2,4-D (Table 1). While, all different explants type, shoot tip,
leaves and rhizome segments of ginger did not induced or pro-
duced any callus on MS medium supplemented with NAA and
BA alone or with combinations between them (data not
shown). Seyyedyouseﬁ et al. (2013) found that, callus induc-
tion is hard and time consuming in many monocotyledons like
Alstroemeria. Smetanska (2008) mentioned that, dicotyledons
are rather amenable for callus tissue induction, when com-
pared with monocotyledons. Stems, leaves, roots and any
other parts of plants are used, younger and fresh explants
are preferable as explant materials. These results conﬁrmed
earlier data that have been reported by Liu et al. (2010) and
Nikolaeva et al. (2009). These results were conﬁrmed with
those previously obtained by San-Jose et al. (2010) who found
that, shoot apex explants from shoot cultures and shoot apex
explants from forced branches of Quercus robur developed cal-
lus tissue at a mean frequency between 28% and 91% accord-
ing to genotype and type of explant. In addition, Zhan et al.
(2011) who found that callus induction rate of underground
bud is higher than young leaf in the callus culture of epimedi-
um. Hamideh et al. (2012) found that, the highest callus of
Falcaria vulgaris was induced in medium containing (0.5 and
1.0 mg/l) 2,4-D combined with (0.5 and 1.0 mg/l) BA. Assem
et al. (2014) found that MS medium supplemented with
1.5 mg/l 2,4-D was the best for callus induction in sorghum.
In addition, Parsaeimehr and Mousavi (2009) found that,
MS medium with single BA did not induced callus in none
of the explants in Glycyrrhiza glabra cultures. On the other
hand, Teware et al. (2012) observed that, callus of Cissus
Table 1 Effect of the growth regulators combination (2,4-D and BA) on the callus formation of ginger shoot tips.
Concentration of PGRs No. of explants No. of callus forming % of callus formation Average weight callus g/explant
0.0 mg/l 2,4-D + 0.0 mg/l BA 18 0 0 0
0.0 mg/l 2,4-D + 0.1 mg/l BA 18 0 0 0
0.0 mg/l 2,4-D + 0.5 mg/l BA 18 0 0 0
0.0 mg/l 2,4-D + 1.0 mg/l BA 18 0 0 0
0.1 mg/l 2,4-D + 0.0 mg/l BA 18 0 0 0
0.1 mg/l 2,4-D + 0.1 mg/l BA 18 0 0 0
0.1 mg/l 2,4-D + 0.5 mg/l BA 18 0 0 0
0.1 mg/l 2,4-D + 1.0 mg/l BA 18 0 0 0
0.5 mg/l 2,4-D + 0.0 mg/l BA 18 5 28 0.9 c
0.5 mg/l 2,4-D + 0.1 mg/l BA 18 6 33 0.78 c
0.5 mg/l 2,4-D + 0.5 mg/l BA 18 6 33 1.73 bc
0.5 mg/l 2,4-D + 1.0 mg/l BA 18 6 33 2.24 abc
1.0 mg/l 2,4-D + 0.0 mg/l BA 18 6 33 1.97 abc
1.0 mg/l 2,4-D + 0.1 mg/l BA 18 8 44 2.35 abc
1.0 mg/l 2,4-D + 0.5 mg/l BA 18 9 50 3.40 a
1.0 mg/l 2,4-D + 1.0 mg/l BA 18 9 50 2.75 ab
Table 2 Effect of the growth regulators combination (2,4-D with BA) on callus growth.
BA mg/l Fresh weight g/jar Average Dry weight g/jar Average
2,4-D mg/l 2,4-D mg/l
0.0 0.1 0.5 1.0 0.5 1.0
0.0 R R 5.96 6.20 6.08 0.370 0.382 0.376
0.1 R R 6.07 7.38 6.72 0.384 0.445 0.414
0.5 R R 7.13 7.41 7.27 0.440 0.452 0.446
1.0 R R 8.30 9.2 8.75 0.540 0.588 0.564
Average – – 6.86 7.54 7.20 0.423 0.457 0.450
LSD at 0.05 – – 1.352 – 0.098 –
R = hairy root.
4 M.A. El-Nabarawy et al.quadrangularis L. formation on the surface of stems on high
and low concentrations of NAA alone or combined with BA.
Effect of the plant growth regulators combination (2,4-D with
BA or Kin) on the callus growth
A combination of the auxin 2,4-D and the cytokinins BA and
Kin was used in the present experiment. The PGRs combina-
tions that were used in the culture establishment (Table 2
and Fig. 1) showed clearly that different levels of BA alone
and in interaction with 2,4-D (0.0 and 0.1 mg/l) did not cause
response for callus fresh and dry weight but produced hairy
root on the callus. The increasing level of 2,4-D (0.5 and
1.0 mg/l) combined with the increasing level of BA enhanced
the callus fresh and dry weight gradually. The highest sig-
niﬁcant values of callus fresh and dry weight were recorded
with (1.0 mg/l) of BA combined with (0.5 and 1.0 mg/l) of
2,4-D as follow (8.30 and 9.2 g/jar fresh weight and 0.540
and 0.588 g/jar dry weight, respectively). In general, higher
mean values of callus fresh weight were given by combinations
of BA with 2,4-D and compared to the combinations of Kin
with 2,4-D (data not shown). These results are in consistence
with Zafar and Humayun (2012) as they found that the devel-
opment of clitoria ternatea callus cultures was vigorous on MS
medium supplemented with 2,4-D + BA (1.0 mg/l for each).Also, Verma et al. (2012) found that, MS media supplemented
with 1.0:0.5 and 0.5:1.0 mg/l of 2,4-D:BA were found to be the
most promising media in relation to callus biomass. Assem
et al. (2014) found that, the addition of Kin had an adverse
effect on callus growth of sorghum. On the other hand,
Martinez et al. (2007) in tissue culture of Borojoa patinoi
showed that, the MS medium supplemented with 2,4-D and
combined with BA no positive response related to the
obtaining of friable callus after 15–45 days. While there were
no positive signiﬁcant results with the rest of treatments.
Many parameters like explants, species, cultivar, PGRs and
light affect callus induction, callus growth and callus quality
for regeneration. Among plant growth regulators, auxins and
cytokinins (CKs) are widely used for callus induction (Aloni
et al., 2006).
Auxins and CKs seem to be necessary for plant cell divi-
sion. Auxins are involved in cell division, cell elongation, vas-
cular tissue differentiation, rhizogenesis and root formation,
embryogenesis and inhibition of axillary shoot growth
(Chawla, 2002; George et al., 2008; Park et al., 2010). It seems
that auxins cause DNA to become more methylated than usual
and this might be necessary for the reprograming of differenti-
ated cells and make them beginning division (George et al.,
2008). CKs are derivatives of Adenine and seem to be required
to regulate the synthesis of proteins which are involved in the
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Fig. 1 Effect of the growth regulators combination (2,4-D with BA) on callus growth.
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2002; George et al., 2008).
The effects of some different combinations of growth regulators
on the production of secondary metabolites in the different stages
of callus growth
The effect of some different combinations of growth regulators
(2,4-D + BA and 2,4-D + Kin) on the production of sec-
ondary metabolites (6, 8, and 10-gingerols and 6-shogaol) in
the different stages of callus cultures revealed that these treat-
ments did not produce any of the investigated secondary prod-
ucts by using HPLC analysis. No gingerols and shogaols
contents on calli were detected. It seems that in vitro conditions
have not been effective on gingerols and shogaols production
resulting from variation of medium nutrients and PGRs.
Petiard et al. (1985) concluded that the concentrations of
PGRs such as auxin (2,4-D) increases the cell growth, and
higher concentrations of these hormones are deleterious to sec-
ondary metabolite production. Fukui et al. (1983) studied the
effect of growth regulator (2,4-D) as auxin on red pigment pro-
duction including alkannin and shixonin in Echium lycopsis
callus cultures. They found that, pigment biosynthesis could
be inhibited by 2,4-D. Similar results were reported by Ma
and Gang (2006) on secondary metabolites formation in callus
of ginger. Indeed, the sites of secondary compounds synthesis
and storage in plant cells often are located in individual or
separated compartments such as highly specialized structures
containing secretory and accumulatory elements and oil
glands. In undifferentiated callus cultures, these accumulation
sites are missing and probably due to the sites missing in calli,
very low or no detectable yields of the secondary components
were obtained (Dornenburg and Knorr, 1995). According to
Zarate and Yeoman (1994), the number of pigmented cells
(cells containing the essential oils) is higher in mature rhizomes
than in immature ones. Furthermore, they observed that there
is a reasonable correlation between the number of pigmented
cells and gingerols accumulation sites in the mature and imma-
ture rhizomes. Their ﬁnding may support our results as there
was (Zarate and Yeoman, 1994), no production of gingerols
and shogaols in callus culture of ginger due to lack of morpho-
logical differentiation. Also, Filova and Rovna (2011) found
out that, the process of dedifferentiation (callogenesis) was
more intensive in variant media containing (2 mg/l 2,4-D) in
callus of Taxus sp. Moreover, Pise et al. (2012) found that,
the maximum biomass (28.30 ± 0.29 g) and the maximum
levels of shatavarins accumulation were found using a mediumcontaining 2.0 mg/l 2,4-D with cell cultures of Asparagus
racemosus.
Effect of Mevalonic acid (MVA), Phenylalanine (Phe),
Leucine (Leu) and Valine (Val) as precursors on callus growth
and active ingredient content
Callus fresh and dry weight
Application of MVA at 1, 5 and 10 mg/l, Phe, Leu and Val at
50, 100 and 150 mg/l showed negative effect on all callus fresh
weight (FW) and callus dry weight (DW) when compared with
control (Table 3). While, MVA (1.0 mg/l, the lowest level)
recorded the lowest value of callus fresh (1.5 g/jar) and dry
weight (0.058 g/jar). Increasing MVA levels to 10 mg/l
enhanced the callus growth (7.0 g/jar fresh weight and
0.221 g/jar dry weight) compared to the other treatments
except the control. Increasing the levels of other precursors
(Phe, Leu and Val) reduced callus fresh and dry weight. Phe
at 100 mg/l reported the highest callus growth value 5.8 g/jar
FW and 0.262 g/jar DW. Increasing levels of Phe to 150 mg/l
or decreasing it to 50 mg/l reduced the fresh weight of callus
to 2.7, 5.1 g/jar FW and 0.132, 0.231 g/jar DW respectively.
Higher level of Phe caused an inhibition in callus fresh weight
compared to the fewer levels. With 50 mg/l addition of Leu,
callus grew more than with 150 mg/l and less than with
100 mg/l addition. Recorded callus growth was 5.3, 3.2 and
6.09 g/jar FW and 0.241, 0.152 and 0.278 g/jar DW, respective-
ly. Increasing the levels of Val from 50 mg/l to 150 mg/l
reduced the growth of callus. The maximum values (6.71,
5.14 g/jar FW and 0.277, 0.271 g/jar DW) were recorded for
50 mg/l and 100 respectively, without signiﬁcant difference
between them.
Similar observation was found with Crowell and Salaz
(1992) they found that, MVA had a mild inhibitory effect on
growth of cultured tobacco cells. In cultures of Euphorbia
tirucalli contained different concentrations (1.0 to 10.0 mg/l.)
of MVA in liquid basal medium did not enhance growth at
any of concentrations. With 2.5 mg/l addition, calluses grow
more than with 0.1, 7.5 and 10.0 mg/l and less than with
control and 5.0 mg/l addition (Biesboer and Mahlberg, 1979).
Similar observation also, was found by Bemani et al.
(2012). They found that, Phe up to 3 mM had no signiﬁcant
effect on the growth of hazel cells and at 6 mM adversely
affected the dry weight of cells. Riedel et al. (2012) used Phe
(0.1 mM) as precursor to enhance the synthesis of phenolics
in suspension cultures of V. vinifera. They found no
signiﬁcantly increased biomass with Phe treated.
Table 3 Effect of MVA, Phe, Leu and Val on callus growth and active ingredient content.
Treatments Levels mg/l Callus FW g/jar Callus DW g/jar 6-Gingerol contents lg/100 mg FW
Control 0.0 8.4 0.386 –
Mevalonic acid (MVA) 1.0 1.50 0.058 30
5.0 2.3 0.082 5
10.0 7.0 0.221 –
Average 3.6 0.120 –
Phenylalanine (Phe) 50 5.1 0.231 –
100 5.8 0.262 –
150 2.7 0.132 –
Average 4.53 0.208 –
Leucine (Leu) 50 5.3 0.241 –
100 6.09 0.278 –
150 3.2 0.152 –
Average 4.86 0.223 –
Valine (Val) 50 6.71 0.277 –
100 5.14 0.271 –
150 3.36 0.16 –
Average 5.23 0.236 –
LSD 0.05 2.517 0.106 –
– = 6-Gingerol undetected.
6 M.A. El-Nabarawy et al.Kiong et al. (2005) the callus culture of Centella asiatica
with the addition of Leu they found that, among all the con-
centrations tested, the control (without Leu) managed to pro-
duce callus with high biomass growth followed by 3.0, 2.0, 1.0,
4.0 and 5.0 mg/l. Selby et al. (1980) found that, the addition
of Val to the medium caused decreased callus growth in onion
tissue cultures.
Active ingredient content
Data in (Table 3) showed that MVA (1.0 and 5.0 mg/l) record-
ed (30.0 and 5.0 lg/100 mg callus fresh weight of 6-gengerol,
sequentially). This enhancement with MVA treatment might
be due to direct supply of MVA to synthesize 6-gingerol at
enhanced level. While the use of Phe, Leu and Val did not
produce the active substances (6, 8 and 10-gingerol and
6-shogaol). This result is also achieved with the use of MVA
with (10 mg/l). Also, all levels of MVA 1.0, 5.0 and 10 mg/l
did not produce either of 8-gingerol, 10-gingerol or 6-shogaol.
Similar results were observed with, Johnson et al. (1990) did
not found any signiﬁcant increase in capsaicin synthesis over
the control in immobilized placental tissues of Capsicum annu-
um fed with Phe and Leu. Also, Riedel et al. (2012) investigat-
ed the enhancement of phenolics synthesis in suspension
cultures of V. vinifera using Phe (0.1 mM) as precursor. They
found no signiﬁcantly increased phenolic acid contents with
Phe treated. Also, (Kiong et al., 2005) found that, none of
the concentrations of Leu were suitable in enhancing triterpe-
nes production in callus cultures of C. asiatica. The supple-
mentation of Val or Leu at the ﬁnal concentrations of 0 to
5 mM had no signiﬁcant stimulating effects on the production
of adhyperforin or hyperforin in H. perforatum shoot cultures.
The feeding of mevalonic acid, an early precursor of the ter-
penoid pathway did not affect the indole alkaloids production
in C. roseus (Moreno et al., 1995).The effect of mevalonate on DNA synthesis appears to be
speciﬁc for the DNA replication that takes place in the S phase
of the cell cycle. The mevalonate effect for this phase of DNA
synthesis suggests that mevalonate, or a derivative, may be
required for the activation of DNA polymerase, in all the like-
lihood of a-DNA polymerase, which functions speciﬁcally dur-
ing the S phase of the cell cycle to effect the replication of the
DNA chain (Craig et al., 1975.; Keir et al., 1977). In this
regard, any possible effect of mevalonate on the earlier steps
of DNA synthesis [e.g., on thymidine kinase, which shows
maximum activity at the G2 phase of the cell cycle (Howard
et al., 1974)] would have been reﬂected in the DNA synthesis
at G2, M, and GI phases, which, as noted, were in fact not
inﬂuenced by the availability of mevalonate. In the present
study, it is observed that the secondary metabolite production
is highly inﬂuenced with the addition of MVA.
Effect of Yeast extract (YE) and Aspergillus niger (AS) as
biotic elicitors on callus growth and active ingredient content
Callus fresh and dry weight
Application of YE and A. niger at concentrations of 250, 500
and 750 mg/l showed negative effect on all callus fresh weight
and callus dry weight when compared with control. The results
presented in Table 4 showed that the increasing levels of YE
(250, 500 and 750 mg/l) led to favorable activity in the growth
of callus on the scope of the fresh and dry weight as follows.
(2.7, 3.3 and 4.6 g/jar in fresh weight, sequentially) and
(0.141, 0.167 and 0.23 g/jar in dry weight, sequentially), while
in AS the opposite was observed, The latest increase in the
levels of AS (250, 500 and 750 mg/l) led to a decline in both
callus fresh and dry weight as follow (6.8, 3.4 and 4.6 in callus
fresh weight ,sequentially) and (0.324, 0.159 and 0.239 in callus
dry weight, sequentially). The highest signiﬁcant value of callus
Table 4 Effect of Yeast extract (YE) and Aspergillus niger as biotic elicitors on callus growth and active ingredient content.
Treatments Concentrations mg/l Callus FW g/jar Callus DW g/jar Content of 6-gingerol lg/100 mg FW
Control 0.0 8.4 0.386 –
Yeast extract (YE) 250 2.7 0.141 10
500 3.3 0.167 7
750 4.6 0.230 –
Average 3.53 0.179
A. niger 250 6.8 0.324 6
500 3.4 0.159 –
750 4.6 0.239 –
Average 5.0 0.240 –
LSD 0.05 1.485 0.068 –
The effect of growth and production of active substances in Zingiber ofﬁcinale callus cultures 7fresh and dry weight was recorded with (AS 250 mg/l)
compared to the other treatments except the control.
Addition YE was used as growth nutrients such as crown-
gall tissue cultures and callus cultures (Jonard, 1960; Vasil and
Hildebrandt, 1966). (George et al., 2008) Suggest that yeast
extract is used as a supplement in order to promote plant
growth, due to its high amino acid content. Elicitors can pro-
duce an osmotic pressure and acts as stress factors which caus-
es rapid but transmitted activation of key enzymes in
biosynthetic pathway (Gagnon and Ibrahim, 1997). Similar
observation was found with Shi et al. (2007) in hairy-root cul-
ture of Salvia miltiorrhiza, they found that, the fresh and dry
weight was decreased signiﬁcantly by the addition of 100 mg/l
YE compared with the control. Also, with YE (500, 1000
and 1500 mg/l) addition in Panax ginseng hairy root cultures
growth was inhibited about 0.8-fold on DW basis (Jeong
et al., 2005). On the other hand, in Morinda elliptica cell sus-
pension culture YE treatment for cultures attained cell DW
around 10–20% more than control (Chong et al., 2005). Also,
Ibrahim et al. (2009) in white lupin cultures found that, the
addition of YE increased growth of the callus and 0.5 g/l YE
was the best concentration in inducing the growth.
For A. niger, similar observation was found with (Zhao
et al., 2001) in C. roseus cell suspension cultures. They showed
that, different fungal mycelium homogenates were negative for
cell growth. Also, in Morinda elliptica cell suspension culture
treatment with A. niger, showed more than 35% decrease in
cell DW especially at 0.5–3 g/l A. niger (Chong et al., 2005).
Ajungla et al. (2009) in root cultures of Datura metel showed
that, increasing concentration of homogenate of biotic elicitor,
A. niger in the medium reduced growth of roots. The growth
index declined gradually with increasing the concentration.
However, among the same concentrations of elicitor homoge-
nates, no signiﬁcant difference was observed for the growth
index. Further increase in the concentration of elicitor homo-
genates (1.5 g/l) inhibited the growth of roots. Also, Xu
et al. (2005) found that, fungal elicitor prepared from the cell
walls of A. niger induces multiple responses of H. perforatum
cells, including nitric oxide (NO) generation, jasmonic acid
(JA) biosynthesis. While, Taha (2002) found that, suspension
cultures of Atropa belladonna elicited with A. niger extract gave
the highest value of cell growth in the different types of cell cul-
tures. Furthermore, Taha et al. (2009) investigated the effect of
A. niger as biotic stress at the concentrations 0, 0.05, 0.15 and
0.25 % on C. roseus calli growth parameters they found that,
the best results of calli growth parameters were observed with
0.15 % of A. niger.Active ingredient content
Data obtained in Table 4 showed that, increasing levels of YE
led to a decline in 6-gingerol until it was completely unde-
tectable in callus at the level of (750 mg/l). Decreasing YE level
from 500 to 250 mg/l increased 6-gingerol levels from 7.0 to
10.0 lg/100 mg callus fresh weight. The use of AS also record-
ed the same results of a sharp decline in the active ingredient
with levels of (500 and 750 mg/l) as with the 750 mg/l YE.
While, the concentration of 250 mg/l recorded 6.0 lg/100 mg
callus fresh weight. In general, the use of YE in the production
of 6-gingerol was superior to the use of AS. HPLC analysis
showed that all levels of both YE and AS did not produce
either of 8-gingerol, 10-gingerol or 6-shogaol.
Fungal elicitation has been a prominent inducer of sec-
ondary metabolism. It turns out the existence often-inverse
relationship between the active ingredient and the increasing
levels of elicitors. Abraham et al. (2011) reported that, culture
medium supplemented with YE caused morphological abnor-
malities. This might be the result of stress response of the
plantlets to the accumulation of secondary metabolites due
to the yeast extract that acted as elicitor. And the increment
of total phenolics content of Curcuma mangga plantlets indi-
cate that YE might trigger the production of endogenous jas-
monic acid and/or methyl jasmonate, which increased the
production of phenolics content. Addition of YE into the cul-
ture medium increased the total phenolic content and also the
higher amount of YE did not act as elicitor for phenolics pro-
duction. It was reported that yeast extract did not affect the
biosynthesis pathway of plants. However, it triggered the pro-
duction of endogenous jasmonic acid and/or methyl jas-
monate, which inﬂuence the production of secondary
metabolites (Sanchez-Sampedro et al., 2005). The growth
and accumulation of secondary metabolites were inﬂuenced
by the type and mode of elicitor preparation (Karwasara
et al., 2011). The stimulation of psoralen accumulation by
biotic elicitors such as AS and YE and chitosan has also been
observed in the cell cultures of plant species, viz. Calendula
ofﬁcinalis (Wiktorowska et al., 2010). Most probably,
this is due to the correlation between secondary metabolite
production and the cell growth cycle.
Conclusion
It can be concluded that, callus was only observed from shoot
tip explants with the highest signiﬁcant value of callus fresh
weight on MS medium supplemented with 0.5 mg/l BA and
8 M.A. El-Nabarawy et al.1.0 mg/l 2,4-D. BA was most effective in maintaining callus
culture compared to kinetin (Kin). NAA with different con-
centrations did not promote callus formation. Precursors and
biotic elicitors showed negative effect on both callus fresh
and dry weight compared to control (0.0 lg/mg). The produc-
tion of 6-gingerol was positively inﬂuenced by the addition of
MVA followed by YE in callus culture compared to control.
The highest recorded 6-gingerol value (30 lg/100 mg callus
FW) was observed with 1 mg/l MVA.References
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